Either method might be used successfully in watermelon. The watermelon germplasm collection has been it was shown to be a strain of papaya ringspot virus
Previous research has demonstrated that screening watermelon for resistance to PRSV-W should be effective. Munger et al. (1984) used an unidentified isolate W atermelon is a major crop in the southern USA.
of PRSV-W to find genetic differences among seven The most important virus diseases of watermelon watermelon PI accessions. Hojo et al. (1991a) used an in the USA are papaya ringspot virus-watermelon strain aggressive Brazilian isolate, Ab-081, to screen water-(PRSV-W, formerly watermelon mosaic virus-1), watermelon for virus resistance. They identified one resistant melon mosaic virus (WMV, formerly watermelon moaccession, BT-8501, a wild, bitter-fruited watermelon saic virus-2), and zucchini yellow mosaic (ZYMV) (Adfrom Africa (Hojo et al., 1991b) . Additionally, there lerz and Crall, 1967) . Virus diseases are destructive to may be field tolerance available in some land races of the watermelon crop and are difficult to control (Sherf watermelon (Provvidenti, 1986). and Macnab, 1986) .
The objectives of this study were (i) to screen the Major virus control strategies include the use of insec-USDA watermelon germplasm collection for PRSV-W ticides to eliminate virus vectors, herbicides to remove resistance; (ii) to verify the disease rating for the most alternate hosts for the virus, and genetic resistance (Provresistant and most susceptible accessions; and (iii) to videnti, 1993), which is often pathogen-specific (Grudetermine the number of escapes on the basis of the met, 1989). Of those controls, the most economical retest of the germplasm screening test. method is genetic resistance. Virus resistance may also be accomplished through virus coat proteins transferred MATERIALS AND METHODS into existing cultivars (Namba et al., 1992; Quemada et Three large experiments were performed: a germplasm al., 1990), or by screening of germplasm collections.
screening, an early retest of the screening results, and a final retest. All experiments were performed in the North Carolina E.B. Strange, N. Guner, and T.C. Wehner, Dep. of Horticultural State University plant pathology greenhouses. Greenhouse Science, North Carolina State Univ., Raleigh, NC 27695-7609; Z. temperatures ranged from 23 to 43ЊC (day) and 12 to 24ЊC (night). The virus isolate was obtained from D.E. Purcifull, not a reliable indicator, so checks of Charleston Gray were inoculated and observed for viral symptoms. In the reinoculaUniversity of Florida, Gainesville. The PRSV-W isolate used was 2052 described by Baker et al. (1991) and was maintained tion stage, three check plants that were the same age as the test plants to be reinoculated and three 2-wk-old checks were on 'Gray Zucchini' squash (Cucurbita pepo L.) from Seminis Vegetable Seeds (Woodland, CA). All Citrullus Plant Introinoculated periodically during the reinoculation to assure that duction (PI) accessions were obtained from the Southern Rethe inoculum was virulent. All PI accessions were maintained gional Plant Introduction Station at Griffin, GA. PI accessions in a screened greenhouse which contained no other cucurbits originated in 68 different countries, with 46 countries having and in which no other viral experiments were being performed. fewer than 10 accessions each. Countries with the most acces-
The germplasm screening started in the summer of 1998 and sions in the collection of 1275 were Turkey (296), Yugoslavia ended in the fall of 1999. (163), Zimbabwe (122), India (120), Spain (71), Zambia (55), Data were summarized as the average, the maximum, and South Africa (36), Syria (28), Iran (27), China (26), and Nigethe best of the six ratings. The best rating was the one with ria (23).
the greatest range over the 1275 cultigens, which was rating Inoculum was produced by grinding infected Gray Zucchini 3 in this experiment. Data were analyzed by means of the squash leaves with mortar and pestle in 0.02 M phosphate MEANS, ANOVA, CORRELATION, and GLM procedures buffer, pH 7.0. Leaf to buffer ratio was 1:5 (1 g infected leaf of the SAS statistical package (SAS Institute, Cary, NC). Data to 5 mL buffer). The inoculation procedure was the same for were based on ratings from single-plant plots, and each rating increasing on squash and for screening watermelon. Inoculadate was analyzed separately. tion consisted of dusting one leaf on each 3-wk-old plant with An early retest was performed after the completion of the an 800-mesh carborundum, then applying the inoculum to the first two replications of the germplasm screening to determine leaf with a pestle which was rotated in a circular motion 8 to 10 variability within the resistant accessions. This also provided times as if painting the leaf with inoculum. After inoculation, a method for determining the number of escapes and errors carborundum was rinsed off the leaves to improve light interin the germplasm screening before continuing with the next ception, and the plants were maintained in aphid-proof cages.
replications. Results were used to plan the next studies, and to All Gray Zucchini squash plants were seeded in metromix 200 begin seed increases of cultigens having resistance to PRSV-W. screening. The germplasm screening test was a randomized complete A final retest was performed after the completion of the block with five replications of 1275 accessions. Each plot was germplasm screening to verify the reaction of the most resisa 100 ϫ 100 mm square pot (600-mL volume) planted with tant and susceptible accessions. We were also interested in two seeds and thinned to one plant before inoculation. In measuring the variability over replications. The experiment addition to the accessions tested, there were 50 check plants was a randomized complete block with four replications of 72 per replication of 'Charleston Gray' that were inoculated with cultigens along with two susceptible checks (Charleston Gray the virus, and 50 plants of Charleston Gray that were not and 'Crimson Sweet'). Plots consisted of two 100-ϫ 100-mm inoculated. The inoculated checks served as verification of square pots (600-mL volume). Extra pots of each accession viral infection and the uninoculated checks served as an indicawere planted to assure that all plots would have the same tor of other disease in the greenhouse that might confound number of plants even with differences in germination. The symptom expression.
cultigens were inoculated with four isolates of PRSV-W, which To screen large numbers of PI accessions for resistance to were 2052, W-1A, 1870, and 2040. Plants were inoculated by PRSV-W, a rating system was used that took into account the the rub method at the first true leaf stage, and rated three different growth habits and leaf morphologies of the different times weekly on a 1-to-9 scale starting 2 wk after inoculation. accessions. The rating system was general enough to allow for the differences in the PI accessions but specific enough to distinguish resistant plants. Plants were inoculated at the first
RESULTS AND DISCUSSION
true leaf stage, and rated weekly for 6 wk on a scale of 1 to Germplasm Screening 9 on the basis of severity of viral symptoms, where 1 ϭ none, 2 ϭ tendrils absent, 3 ϭ tendrils absent, slightly stunted Not all of the 1275 accessions germinated in all five growth, 4 ϭ mosaic patches and/or necrotic spots on leaves, replications, and data were obtained for 1248 accessions. rating less than 6.0, although it should be noted that 1.8 1.1 0.6 † Plants were rated on a scale of 1 to 9 on the basis of severity of viral symptoms, where 1 ϭ none, 2 ϭ tendrils absent, 3 ϭ tendrils absent, slightly stunted growth, 4 ϭ mosaic patches and/or necrotic spots on leaves, 5 ϭ leaves near apical meristem deformed, meristem yellow and reduced in size, 6 ϭ apical meristem withered and brown, 7 ϭ apical meristem dead with more basal leaves dying, 8 ϭ most leaves dead, main stem green/yellow, 9 ϭ plant dead. Best is the average of third rating for the 5 replications. Maximum is the highest of six ratings for all of the replications. Average is the overall average of all the ratings for all the replications. Final rating refers to the sixth of six ratings for each replication. Ϫ and ϩ indicate results from ELISA testing and refer to no virus detected in tissue and virus detected in tissue, respectively. Rank indicates the ranking of the cultigen for resistance to PRSV-W, based on best rating (as well as average and maximum ratings) for 1248 cultivars. 8.4 9.0 6.7 7.9 9.0 9.0 9.0 9.0 PI 378617 8.5 9.0 7.4 7.9 8.4 9.0 9.0 9.0 Charleston Gray 8.6 9.0 7.4 8.3 9.0 9.0 9.0 9.0 PI 169243 8.7 9.0 7.5 8.5 9.0 9.0 9.0 9.0 PI 177329 8.9 9.0 8.3 9.0 9.0 9.0 9.0 9.0 † Analysis performed for means of each rating date plus the overall averages. Rating dates were at one-week intervals beginning two weeks after inoculation (first true-leaf stage). Plants were rated on a scale of 1 to 9 on the basis of severity of viral symptoms, where 1 ϭ none, 2 ϭ tendrils absent, 3 ϭ tendrils absent, slightly stunted growth, 4 ϭ mosaic patches and/or necrotic spots on leaves, 5 ϭ leaves near apical meristem deformed, meristem yellow and reduced in size, 6 ϭ apical meristem withered and brown, 7 ϭ apical meristem dead with more basal leaves dying, 8 ϭ most leaves dead, main stem green/yellow, 9 ϭ plant dead. Average rating is the mean of the ratings of all 21 plants. Maximum ratings is the mean of the final rating of all 21 plants per PI accession. Rank indicates the ranking of the cultigen for resistance to PRSV-W, based on average and maximum rating.
all plants infected with the virus eventually died. That working with WMV were able to identify resistant accessions in their watermelon research. PI 482299, PI 482261, indicates that no immunity to the isolate used in this study was found. This contrasts with ELISA results, PI 595203, and PI 255137 found to be resistant to ZYMV also had some resistance in this study to PRSV-W. Other where we identified accessions that did not have virus in their tissues at the time of testing. This could be due accessions reported to have resistance to ZYMV were not tested in this study. One accession, PI 595202, reto errors in the ELISA tests, but all positive and negative controls for all ELISA tests performed were accurate.
ported to have ZYMV resistance did not show resistance to PRSV-W in this study. PI 244018 and PI 244019 It should be noted that no observations of watermelon PI accessions were taken beyond the sixth rating of virus found to be resistant to WMV by Gillaspie and Wright (1993) , showed resistance to PRSV-W. Other accessions symptoms. This study reports resistance to the most virulent PRSV-W isolate 2052 (collected in Florida).
that were found to be resistant to WMV (PI 189316, PI 189317, and PI 248178) did not have resistance to However, resistant accessions may not be resistant to other isolates in Florida or other regions where PRSV-W PRSV-W. Provvidenti and Gonsalves (1982) worked with C. metuliferus and found that the accessions they is found.
Our results paralleled that of previous researchers in identified as resistant to WMV were also resistant to PRSV. This was the case for some of the accessions that variation for virus resistance was identified in the watermelon germplasm collection. Boyhan et al. (1992) screened in this study. Gillaspie and Wright (1993) found there were plants working with ZYMV, and Gillaspie and Wright (1993) Crimson Sweet Check, USA 9.0 8.8 9.0 9.0 8.9 9.0 9.0 LSD (5%) 1.4 1.5 1.4 † Analysis performed for means of each rating date plus the overall averages. Plants were rated on a scale of 1 to 9 on the basis of severity of viral symptoms, where 1 ϭ none, 2 ϭ tendrils absent, 3 ϭ tendrils absent, slightly stunted growth, 4 ϭ mosaic patches and/or necrotic spots on leaves, 5 ϭ leaves near apical meristem deformed, meristem yellow and reduced in size, 6 ϭ apical meristem withered and brown, 7 ϭ apical meristem dead with more basal leaves dying, 8 ϭ most leaves dead, main stem green/yellow, 9 ϭ plant dead. Average rating is the mean of the ratings of all 74 plants. Maximum ratings is the mean of the final rating of all 74 plants per PI accession. Rank indicates the ranking of the cultigen for resistance to PRSV-W, based on average and best rating (as well as average and maximum ratings; data not shown).
505604, were mostly susceptible in the early retest with that tested negative for virus in ELISA that later tested only one plant out of 21 per accession that showed positive. This is consistent with what we found. Thus, resistance. It is likely that these PI accessions were eseven though there were plants that tested negative for capes, especially since data for the test came from only virus with ELISA, all plants eventually showed sympthe first two replications of the screening study. The toms of PRSV-W and died. The issue of escapes should remaining six PI accessions with no plants that met the not be underestimated. Studies for resistance to WMV criteria for resistance were probably also escapes (Taand ZYMV found, during retests, that some accessions ble 3). which were initially rated resistant were actually just
The final retest was conducted at the completion of escapes. It is likely that some of the accessions reported the germplasm screening. The final retest results paralto be resistant here are escapes.
leled those of the early retest results, in that there were The susceptible check used for this study was Charlesescapes that were not resistant to PRSV-W (Table 4) . ton Gray, a widely available cultivar. However, we idenOf the 60 resistant PI accessions in the final retest, eight tified accessions having more susceptibility to PRSVhad resistance with a rating of 3.6 or less for the best, W. Those accessions would make excellent susceptible average and maximum ratings: PI 244019, PI 244017, PI checks because they have high germination rates, and 482342, PI 482318, PI 485583, PI 482379, PI 595203, and best ratings of 9.0 compared with Charleston Gray, which PI 244018. PI 244017 was given the highest resistance had a best rating of 8.2 ( Further research is needed to determine whether were PI 244017, PI 244018, PI 482342, PI 234287, and other isolates of PRSV-W from different geographic PI 482303 (Table 2 ). The PI accessions that showed regions react the same on the resistant and susceptible resistance to other watermelon viruses in addition to cultigens from this experiment. Additional research is resistance to PRSV-W in this study were PI 244018, PI needed to determine the inheritance of resistance to 244019, PI 482226, PI 595203, PI 255137, and PI 482299.
PRSV-W in the cultigens identified. The accessions with the highest resistance to PRSV-W should be used to Retests develop inbreds with the highest possible resistance for use in developing resistant cultivars. The retest of the most resistant 21 PI resistant accessions (along with Charleston Gray check) determined
